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A REPORT ON THE USE OF WATER-REDUCING ATMIXTURES
IN
CONTINUOUSLY REINFORCED PORTLAND CEMENT CONCRETE PAVEMENT

I. INTRODUCTION

Recently, water-reducing admixtures have been introduced for use in port-
land cement concrete pavement construction in an effort to improve workability.
These admixtures are intended to reduce the quantity of water required to produce

conerete of a given consistency without significantly changing other properties,

Admixture-materials are usually complex organic chemicals which are sold
under different trade names. Their compositions are usually protected by patents.
Most admixtures used for water reduction snd retardation comsist of caleium, ammo-
nium, sodium lignosulfonates, calcium lignosulfonates, or compounds of gluconic
acids or adipiec acids. Each admixture produces varied and complex chemical reac-
tions in relation to the chemical reaction of the cement. For example, when cal-
cium lignosulfonate is added to the concrete mix it causes dispersion of the cement
particles by imparting to them a like electro-static charge, The trapped water
within the cement flocs is then released to become a part of the mixing water. Thus,

the water added at the mixer is reduced to maintain the same slump.

Since little information regarding performance of conerete highway pavements

constructed with water-reducing admixtures is available, the Illinois Division of High-

ways with concurrence of the U. S. Department of Commerce, Bureau of Public Roads,

approved requests by two contractors to use water-reducing admixtures in the con-

crete for the continuously reinforced pavement on two construction projects on the




Southwest Expressway (FAI 55) in Cook County. Approval of the contractor's

request was contingent on the following conditions:

1)

(25

(3

&)

(5

(6)

o))

If the paving concrete is adversely affected in strength,
the operations will revert to presently approved project

requirements.

The sequence of adding the material must meet the approval

of the engineer.

No retarding admixture will be allowed to be added to the

water-reducing admixture.

In addition to the regular test specimegggi concrete will
be furnished for beams and cylinders to be made each day for

14 and 28 day:-tests.

The contractor shall determine the exact amount of water-
reducing admixture to be added, as well as the amount of
water and air-entraining admixture so as to produce con-

crete having the required slump and air content.

The cement factor shall be lowered to the normal amount used
for the 3/4" to 1-1/2" slump. Slumps up to 3" will be per-
mitted with this lower cement factor providing there is no
increase over the theoretical design amount of water set by

the engineer.

The trial use of the water-reducing agent will be incor-
porated in IHR-36 .as part of the research being conducted

on continuously reinforced concrete pavement. Reports will




be submitted covering design mixes, observation of work-
ability of the concrete with the admixture, observations
and comparisons of workability of concrete pavement on ad-
jacent sectioms without the admixture, concrete strengths,
durability of pavement under traffic, etc., so that the
benefits, if any, of the admizxture can be adequately ana-
lyzed. |

(8) There shall be no added cost to this project for the use

of the water-reducing agent of for any delays and other
changes that may be required to maintain high qaulity
‘construction and controls.

Two types of water-reducing admixtures were used in this work: Dewey and
Almy Chemical Division's Water-Reducing Agent W.R.D.A. 79 and Master Builder's
Pozzolith (Improved-80. Accoxding to A.S5.T.M. Designation C 494-65-T, W.R.D.A.
79 is classified as a water-reducer retarder (Type D) while Pozzolith (Improved-
8) is a water reducer only (Type A).

This report is an interim report describing the construction with the water-
reducing admixtures and presenting the results of tests conducted on the plastic
and hardened concrete, A final report evaluating the effects of the water-reduc-
ing admixtures on durability of the pavement under traffic will be prepared at
the conclusion of this study.

IT. OBJECTIVES
1. To determine the effect of water-reducing admixtures on
workability and physical properties of portland cement
for concrete pavements.
2. To determine the effect of water-reducing admixtures on
the durability of continucusly reinforced concrete pave-

ment under traffic.




3. To evaluate and report the benefits, if any, of using
water-reducing admixtures in concrete pavement con~

struction.

III. DESCRIPTION OF CONSTRUCTION PROJECTS
The construction project containing the Pozzolith (Improved-8) is
officially identified as:
Project I-55-7(37)274
FAT Route 55
Section 404-640
Cook County
This project includes 0.54 miles of six~lane (2 @ 36') divided pave-
ment. The pavement is ten inches thick, continuously reinforced with deformed
bars (0.6 per cent longitudinal steel) placed 3.5 inches below the pavement
surfaces, and constructed over a 6-inch granular subbase.
The project containing the W.R.D.A. 78 is officially identified as:
Project I-55-7(102)286
FAL Route 55
- 8ection 207-1616.4~CF
Cook County
Tt includes 0.98 miles of two at 36-foot wide continuously reinforced
concrete pavement over a six-inch granular subbase. The pavement is 10 inches
thick and the reinforcement consists of two layers of cold-drawn deformed steel
wire fabric placed 3.5 inches and eight inches below the pavement surfaces.

The longitudinal steel in each layer amounts to 0.6 per cent of the

cross-secitional area of the pavement.

Iv. CONCRETE MATERTALS AND MIX DESIGNS
The portland cement concrete was produced by mixing cement and water
with two sizes of coarse aggregate, a natural sand, an. air-entraining agent, and

a water-reducing agent. The types and sources of materials used on each of the




two construction projects are given in Table 1. Information on gradation and
specific gravity of each aggregate size and on volds in coarse aggregéte are
given in Table 2.

The chemical compositions of Pozzolith (Improved-8) and W.R.D.A. #79 are
protected under patents. Pozzolith (Improve-8) is a water reducer while W.R.D.A.
#79 is classified as a water-reducer-retarder although the amount of retardation
is significantly less than that produced by water-reducer-retarderxs normally
used in bridge deck construction.

The basiec concrete mix designs for both construction projects were estab-
lished in accordance with the Division's'"Manual of Instructions for Proportiom-
ing Engineexs" to produce a workable plastic concrete with air content between
4 and 7 per cent, a slump between 3/4 and 1-1/2 inches, a l4-day compressive
strength of not less than 3,500 psi, and a minimum modulus of rupture (center-
point loading) at 14 days of 650 psi. Slumps in excess of 1-1/2 inches and up
to 3 inches are permitted if the contractor agrees to supply enough additiomal
cement that the water/cement ratio will not be increased and not less than (.02
barrel per cubic yvard of concrete will be added for each 1/2-inph increase in
glump. |

Permission to use water-reducing agents in the concrete for these two
projects was granted with the understanding that the comtractor could use the
water-reducing admixture to increase the slump without increasing the cement
factor above the basic mix design. To maintain a constant cement factor, yield,
and mortar factor, the amounts of sand for the two mixes containing the water-
reducing admixtures were higher than those of corresponding mixes without the
admixtures.

The batch proportions per cubic yard of concrete for each of the two projects
are listed in Table 3. The weights of aggregates are based on a saturated sur-

face dry condition.
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V. MIXING OF CONCRETE

Pavement with Pozzolith: Practically all of the pavement on this

section was completed before the water-reducing admixture was added. Only
Bridgé approach slabs and pavement transitions at bridge approaches were con-
sfrucfed of conérete with Pozzolith (Improved-8). Central-mixed concrete was
delivefed to the project site in trucks from the Dolese and Shepard Company
plant located on Easf Avenue and 63rd Street in Hodgkins, Illinois. The plant
was used exclusively by the contractor for this paving project. Two concrete
mixes (with and without Pozzolith) were used each paving day. The day began
with a standard mix concrete and ended with a Pozzolith mix concrete. The.
slump and air content for both mixes were kept as constant as possible. The

change from one mix to the other was usually made at a construction joint.

Pavement with WRDA 79: Conecrete for this project was mixed by means

of dual-drum paver (Koehring 34-E) at the project'sitéjand was discharged on -
to the subbase directly by means of a boom bucket. The mixer was equipped with
a water measuring device, automatic WRDA dispensef, automatic: air-entrained ad-
mixture dispenser, batching meters, and time devices. The slump and air con-

tents for both mixes were kept as constant as possible.

The sequence of mixing established for this project required that
all materials, including the mixing water, be in the mixer‘Befqre the addition
of the water-reducing admixture. This was accomplished by'an automatic dispen-

ser actuated by the skip of the mixer during the 10ﬁering cycle.




vI. TESTING PROGRAM AND RESULTS

The testing program followed on these two projects was similar to
that followed on regular comstruction projects to assure uniform quality concrete
meeting specification requirements. A record was kept of the locations where con-
crete with water-reducing admixture was placed. Additional concrete cylinders and
beams were made for compressive and flexural strength tests at 14 and 28 days.
Tests for air content, slump, and yield were made at regular intervals and each
time additional concrete cylinders and béams were made. Mortar penetration tests
were made during one day of paving to investigate the amount of retardation in
initial set for the concrete containing WRDA 79.

As previously mentioned, only bridge approach slabs and pavement tran-
sitions at bridge approaches were constructed of concrete with Pozzolith (Improved-8)
water-reducing admixture. The locations and dates of paving are depicted in
Figure 1, showing separately the portions constructed of conecrete with and without
the water~reducing admixture.

Practically all of the pavement on Section 207-1616.4~CF was constructed
of concrete with WRDA 79 water-reducing admixture. On four occasions, ailimited
number of batches of concrete without the admixturewe%E'produced as reference con-
crete for testing purposes and comparison. The cement coptent of the reference
concrete was set at 5.76 and 6.00 bags per cubic yard. The locations within the
completed pavement of.the reference concrete are given in Table 4.

The results of tests on the plastic concrete are summarized in Tables
5 and 6 for Pozzolith (Tmproved-8) and WRDA 79, respectiwely. The tables include
the cement content and quantities of water-reducing and air-entraining admixtures
for each day's pour as well as the results of tests for slump, air content and

vield.

-10"-




Locations of Experimental Construction

55, Section OkOL-64O, Cock County

FAT-

Figure 1.

1764

y

DESPLAINE
RIVER

POZZ0LITH MIX

STy

REFERENCE MIX
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TABLE 4

LOCATTIONS OF REFERENCE CONCRETE WITHOUT
WRDA 79 ADMIXTURE - SECTION 207-1616.4-CF

Date
Placed

7-30-64
7-30-64
7-31-64

8-5-64

Cement Content Location

Bags/ Cu.¥d, Sta. to Sta. ___Pavement
6.00 | 1914+61 - 191481 So. 24' of EB‘laneS
5.76 191+81 - 192+11 So. 24" of EB lanes
6.00 218+99 - 221+99 : No. 24' of WB lanes
5.76 Approach Slab 221+79 So; 24' of EB lanes

- 12 -




TABLE 5

DATLY SUMMARY OF TEST RESULTS ON
. PLASTIC CONCRETE
- (POZZOLITH IMPROVED~8)~

Cement Pozzolith Darex S51lump Air Content Yield
Date Bags/Cu.Yd. 0z.Cu.¥d. 0z./Cu.Yd. Inches Per Cent Cu.Ft./Yd.
9-11-64 6.25 - 16.5 2.50 5.9 27.5
5.75 65 6.0 2.50 6.1 27.3
9-12-64 6.25 - 15.5 3.25 5.0 -
5.75 65 £.,5 2.50 4.9 -
9-14-64 6.25 - 15.5 3.50 6.1 -
5.76 65 4.5 3 5.7 -
9-17-64 6.25 - 15.5 3.25 6.5 27.8
5.75 65 5.5 3.25 6.2 27.2
9-22-64 6.25 - 15.5 5% 5.8 -
5.75 65 5.0 5% 5.0 -

als
w

Concrete slump was purposely set high to determine effects on strength characteristics.

=13 =




TABLE 6

DATLY SUMMARY OF TEST RESULTS ON
PLASTIC CONCRETE

~WRDA. 79~
Cement WRDA 79, - Hwy. AEA Slump ‘Air Content Yield
Date Bags/Cu.¥d. 0z./Cu.¥d. Oz./Cu.¥d. Inches Per Cent Cu.Ft./¥d.
7-28-65 5.76 40.5 4.0 3,25 5.0 26.7
7-29-65 6.00 - 9.8 3.00 6.0 26.8
5.76 m 9.8 2.50 5.3 26.9
5776 40,5 3.3 3,25 5.6 27.1
7-30-65  5.76 40,3 3.3 2.50 5.7 26.9
7-31-65 6-00 - 9.8 2|SO 5-2 26'7
6.00 42 4.0 3.00 4.8 27.0
8-3-65 5,76 40,5 2.9 2,00 4.6 26.8
8-4-65 5.76 40.5 4.0 2.50 5.7 26.8
8-5-65 5.76 40.5 4.0 3.00 5.5 26.8
5.76 - 8.7 2.00 6.0 27.1
6.00 - 9.8 2.00 6.0 26.8
8-7-65  5.76 40.5 4.0 2.75 5.7 -
8-11-65 5.76 “40.5 40 2.75 5.9 -
8-12-65 5.76 50.5 4.0 3.25 6.0 -
8-13-65 5,76 40.5 4.0 3.25 5.7 -
8-17-65 5.76 - 9.8 1.50 6.1 -
5.76 40.5 4.0 2.75 5.8 -
8-19-65 5.76 - 9.8 3,00 5.5 -
5.76 40.5 4.0 2.75 5.8 -
8-20-65 5.76 40.5 4.0 2.75 5.0 -
8-21-65 5,76 - 9.8 3.00 6.2 -
5.76 40.5 4.0 2.75 5.8 -
8-24-65 5.76 40.5 4.0 2.75 5.5 -
8-25-65 5.76 - 9.8 2.25 5.0 -
5.76 40.5 4.0 2.25 5.0 -

- 14 -




TARBLE 6 (Continued)

Cement WRDA. 79, Hwy. AEA Slump Alr Content Yield
Date Bags/Cu.Yd. Oz./Cu.¥d. 0z./Cu.¥d. . Inches Per Cent Cu.Ft./Yd.
8-26-65 5.76 - : 9.8 1.75 5.7 -
5.76 40.5 4.0 3.00 5.2 -
8-27-65 - 5.76 - 9.8 3.00 5.7 -
5.76 40.5 4.0 1.75 6.2 -
8-28-65 5.76 - 9.8 1.75 5.2 -
5.76 40.5 4.0 2.00 5.6 -

- 15 -




The results of tests on the hardened concrete are given in Tables
7 and 8. Teble 7 includes a daily summary of compressive and flexural strengths
at ages of 7, 14, and 28 days for Pozzolith (Improved-8) additive. The compres-
sive and flexural strengths for WRDA 79 additive are given in Table 8.

The.results of the concrete penetration tests to determine the amount
of retardation in the initial set for concrete containing WRDA 79 admixture are
given in Table 9 and shown graphically in Figure 2. The tests were made on mor-
tar obtained by wet screening through a No. 4 Gilson Sieve. A reading of 500

psi indicates initial set.

wlb -




TABLE 7

DAILY SUMMARY OF CCMPRESSIVE AND
FLEXURAL STRENGTH TESTS
- POZZOLITE (IMPROVED~-8) -

1 . 2 3
Date Mix L/ Cement Compressive Strength,PSI“/ Flexural Strength, PSI_/
Cast Designation Bags/Cu,Yd. 7-Day l4-Day 28-Day 7-Day 14-Day 28-Day
9-11-64 g 6.25 3797 4883 5663 719 752 908
P 5.75 5040 6173 6760 815 840 989
9-12-64 8 6.25 3787 4306 5106 714 765 833
P 5.75 4680 5730 6393 819 928 984
9-14-64 s 6.25 377 3897 4563F 625 643 744
P 5.75 4527 5380 6183—" 725 769 913
9-17-64 ] 6.25 3040 3660 4320 556 620 761
P 5.76 4520 54900 5977 615 784 859
9-22-64 8 6.25 3513 4237 4800 566 640 761
' P 5.76 4947 5983 6977 735 824 996
Average s 6.25 3463 4197 4890 636 684 791
P 5.76 4743 5753 6458 742 829 950

1/ 8 - Standard mix without Pozzolith (Improved-8).
P - Mix with Pozzolith (Improved-8) additive.

2/ Each value is the average of the results from three test cylinders.

[Lo
T~

L&

29-day compressive strength.

- 17 -

Each value is the average of fwo tests on a single test beam.




TABLE 8

DAILY SUMMARY OF COMPRESSIVE AND
FLEXURAL STRENGTH TESTS

- 1.8 -

- WRDA 79 _
Y : 2/ ' 37
Date Mix Cement Compressive Strength, PST Flexural Strength, PSI =
Cast Designation  Bags/Cu.Yd. 7-Day 14~Day 28-Day 7-Day 14-Day  28-Day
7-28-64 W 5.76 5040 5323 5589 - - -
7-29-65 8 6.00 2954 3617 4607 586 693 1000+

5 5.76 2688 3289 4023 608 829 -

W 5.76 4280 5040 5527 863 200 -
7-30~-65 W 5.76 4833 5454 6031 755 1000+ -
7-31-65 S 6.00 3077 3670 3962 624 811 -

W 6.00 5288 5450 5818 888 929 -
8-3~65 W 5.76 5447 5757 6438 900 - 1000+

 8-4=H5 W 5.76 4651 5111 6040 912 861 1000+
8-5-65 W 5.76 5120 5889 6694 843 740 1000+

g 5,76 - - - 730 675 229

8 6.00 - - - 650 685 692
8-7-65 W 5.76 4537 5270 5829 808 943 1000+
8-11-65 W 5.76 4853 5624 - 875 1000+ 975
8-12-65 W 5.76 5182 5788 - 393 1000+ 1000+
8-13-~65 W 5.76 4015 5271 - 826 1000+ 1000+
8-17-65 8 5.76 3537 4076 4607 773 919 707

W 5.76 3732 4466 5107 849 953 788
8-19-65 s 5.76 3236 3890 - - - 908

W 5.76 6013 6809 - - - 1000+
8-20-65 W 5.76 4992 5691 6075 - 1000+ 946
8-21-65 5 5.76 2874 3599 3953 - 755 -

W 5.76 4899 6155 6597 - 1000+ 1000+
8~24-65 W 5.76 4598 4846 5085 - - 1000+
8-25-65 S 5.76 3790 4094 4536 - 836 865

W 5.76 5350 5589 5960 - 890 1000+




TABLE 8 (Continued)

Date | Mix L/ Cement Compresgive Strength, PSIQ/ Flexural Strengih, PST 3/
Cast Designation  Bags/Cu.Yd. 7-Day 14-Day 28-Day 7-Day 14-Day 28-Day
8-26-65 5 5.76 3943 4430 4908 - 661 767
W 5.76 4757 5487 5491 - 803 911
8-27-65 3 5.76 3287 3748 4103 - - 823
' W 5.76 4854 5642 6155 - - 1000+
8-28-65 S 5.76 3219 3696 3908 - 710 865
W 5.76 4217 4616 4996 - - 1000+
Average S 5.76 3322 3855 4291 704 769 838
s 6.00 3015 3644 4285 620 730 846+
W 5.76 4809 5465 5841 852 930+ 976+
W 6.00 5288 5450 5818 888 929 -
1/ ) ‘
= W - mix with WRDA 79 additive.
S - mix without WRDA 79 additive.
2/ Each value is the average of the results from two test cylinders.
3/

Each value is the averapge of two tests on a single test beam.

—19,...




TABLE 9

RESULTS OF CONCRETE PENETROMETER TESTS

- WRDA 79 -
Test Cenment WRDA 79, Hwy. AEA, . _Temperature Penetration Time
No. Bags/Cu.Yd. 0z./Cu.¥d. 0z, /Cu.¥d. Time Air Mortar PSI Hr.-Min.
1 ' 5.76 40.5 : 4.0 8:40 78 80 0
9:50 79 81 1-10
10:00 79 81 1-20 .
10:30 80 82 4.0 1-50
10:45 80 83 80 2-05
11:00 80 84 100 . 2-20
11:15 80 84 120 2-35
11:30 80 85 120 2-50
(Slump = 3", Air Content = 5.5%) 11:45 80 - 85 - 20 3-05
12:00 80 85 160 3-20
12:15 80 87 240 3-35
12:30 80 39 270 3-50
12:45 80 89 320 4-05
1:00 82 90 420 4-20
1:15 82 90 660 4~35
2 5.76 0 8.7 9:50 79 30 0
10:00 79 8L 0-10
10:30 80 82 0-40
10:45 80 83 0-55
11:00 80 84 1-10
11:15 80 84 1-25
(Slump = 2, Air Comtent = 6.0%) 11:30 80 85 40 1-40
11l:45 80 85 80 1-55
12:00 80 85 160 2=-10
12:15 80 87 230 2~25
12:30 g0 89 330 2-40
12:45 80 .89 620 2-55
1:00 82 90 700 3-10
3 6.00 0 9.8 10:45 80 83 0
12:30 80 85 1-45
12:45 80 85 30 2~00
(Slump = 2-1/2", Air Content = 6.0%) 1:00 82 87 80 2-15
1:15 82 88 160 2-30
1:30 80 88 280 2-45
1:45 80 88 480 3-00
2:00 80 89 700 3-15

..2@...




FIGURE 2: CONCRETE PENETRATION
TEST RESULTS
o — WRDA # 79 —
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VII. DISCUSSION

The use of the water-reducing admixtures in the portland cement con~
erete mixes effectively increased the slump without increasing the amount of
mixing water. The use of the water reducing admixtures also caused a reduction
in the amount of air-entraining agent necessary tolproduce concrete within the
specified air content range. The amount of Darex ﬁer cubic yard of concrete
was reduced from 15.5-16.5 ounces to 4.5-6.0 ounces when Pozzolith (Improved-8)
was used in the mix. The amount of Highway AEA per cubic yaxd of concrete was
reduced from 8.7-9.8 ounces to 3.3-4.0 ounces whenﬁWKDA79 was used.

The use of both Water-reducing admixtures in_lieu of additional cément
and water to increase slump effected an increase in compressive and flexural
strength of the concrete. The increase in compressive strength was more pro-
nounced than the increase in flexural strength, although both were significantly
increased. Referring to Table 7, it can be seen that with the addition of Pozzo-
lith (Improved-8) the average compressive strength was increased by 1,280, 1,556
and 1,568 psi at the age of 7, 14, and 28 days, respectively. The corresponding
increases in flexural strength (mid-point loading) Were.lOﬁ, 145, and 159 psi af
the ages of 7, 14, and 28 days. Similar increases in compressive and flexural
strengths were obtained when WRDA 79 was added to the mix in lieu of additional
cement and water to increase the slump, as indicated by.the average values given
in Table 8.

The higher strengths at early ages can have certain advantages during
consfruction, especially in situations when it is advantageous to open a com-
pleted section of pavement as soon as possible aftex completion or when constrxuct-

ing multiple-lane pavements in partial widths.
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The results of the penetration tests made in connection with the
trial use of WRDA 79 water-reducing admixture indicated that the admixture
retarded initial set. Initial set is considered to have occurred when the
penetration reaches 500 psi. As shown in Figure 2, initial set of the
standard concrete occurred in. 2 hrs 48 min fdr the 5.76~bag mix and in 3
hrs 02 min for the 6.00-bag mix; 4 hrs 25 min were required for initial set
when WRDA 79 was used.

The most important reason for the use of water-reducing admixtures in
concrete mixtures is to improve workability without an increase in water con-
tent. The term "workability'", as applied to concrete mixtures, indicates thg
ease with which the mass of plastic material may be deposited iﬁ its final
resting place in the forms without segreation or homeycomb to produce a uni-

1/

form, homogemeous mass.~ It is difficult to evaluate and must be based on
judgment and opinion since no quantitative measure of this property is avail-
able.

The use of the standard mixtures om the two projects covered by this

report was not sufficient to permit a reliable comparison of the workability

of the concrete with and without the water-reducing admixtures. However, both

the contractors and engineers indicated that, based on their general experiences,

the water-reducing admixtures improved workability over the basic mix design

(3/4-to 1-1/2-inch slump).

1/ Mills, Abelbert P., Hayward, Harrison W., Redes, Lloyd F., Material of
Construction, Jobhn Wiley & Sons, 1955 P. 3§87.
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It appears reasonable to expeci that the increase in slump gained by
the use of a water-reducing admixture generally would improve thé workability
of a concrete mix designed for a 3/4-to 1-1/2-inch slump, especially on hot, dry,
windy days. The question needing to be answered is whether or not there is an
improvement in workability when a water-reducing admixture is used to lpcrease
the slump as compared to redesigning the mix for the higher slump.

Later approval of requests to use water-reducing admixtures in port-
land cement concrete for pavement construction are being granted on the condition
that at least one-fourth of the pavement be constructed of concrete without a
water-reducing admixture in an attempt to answer this question.

In sumary, the results of this study to date have indicated the
fellowing:

1. The slump of the concrete was increased by the water-

reducing admixtures without increasing the amount of

mixing water.

2. The addition of the water-reducing admixtures necessi-
tated a reduction in the amount of air-entraining agent

to produce concrete of the same air content.

3. 8Significantly higher compressive and flexural strengths
at 7,.14, and 28 days were obtained when the water-reducing
admixtures were used. The increase in compressive strength
was more pronounced than was the increase in flexural

strength,

4. The project did not provide an opportunity to compare
workability of concrete with the addition of the water-
reducing admixtures to that of concrete designed for the

same slump.




Increases in concrete slump while maintaining the same water/
cement ratio can be achieved at less material costs with the
addition of water and small amounts of cement than with the

addition of water reducing admixtures.
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